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(bottle-shaped trench) 
^ /& 3" ° -Tifc, ' — ' & + & i* * .. 

# - _L £p H - T £P ° £M£ ' ^ /fc - IL 4b # ^ -£ T ^ ^ m 

m ^ m m ^ ±. ' mik ' si n m %> * * ' 3N- m a* m 4t - at, 

4b /?■ ' ffij j& - IL 4b J& ^ 4£ £P ^ m 3* ^ 4S'I * -L • m 

'4l ' Bfe- ft 4b # ° # g > « IL 4b-J«.£ * # > *f £ * it 4r - 
$ ft >\± ik M m % fl& ^ 4ft & T £P - £ -ffl • 

( jz. ) - ^*^,*B4L7C#^*«F«ffi*«,"W: 
2 0 0 -^*^; 

2 0 2- H, 4b * 4K *» i 0 2 # ) ; 
2 0 4 ~ IL 4b & M '> 

210- ^ * ; . 
2 2 o - $ * ; 

— -— — — — ___ . Method — Forming a Bottle Trench ) — — — 

A method of forming a bottle shaped trench. A 
silicon substrate having a trench is provided. The 
trench has upper and lower regions. A conformal 
Si0 2 layer is formed on the surface of the trench in 
the lower region. A nitridation procedure is 
performed on the trench to form a Si 3 N 4 film on the 
side wall of the trench in the upper region. The 
Si0 2 layer is removed. Then, using the Si 3 N 4 film as 
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6 1 o ~ n -fb ^ m ; 
7 1 o - £ m ° 



- £3L#«# C&WZm : Method of Forming a Bottle Trench) 

a mask, an isotropic etching process is performed 
to form a space in the lower region. Thus, a 
bottle-shaped trench is obtained. 
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ra - □*IW*i4fcei*#^H^: 
^# a #J : 

□ & f ts few* h #tw&, ^1 « ° 
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5. - &W%iL*n (1) 

[ # w m M & m 4i ] 

® m it % m ifr - m. * % rn.fi %l > # #j ^ # us ^ - « 

& & % %■ HCbottle-shaped trench capacitor) ¥} M 
[ & flr & #r ] 

t& H PA 4fc # 3*- *a 'It fl (Dynamic Random Access 
Memory > a T ffi *4 ^ DRAM ) % a l& -It (memory eel 1 ) 
ft % % H # ^ % ft ( charging ) Jj*. jH fit # £ ft ° & ft fit 
^DRAM It AT #J £g * 4b - ^m^3H(deep trench type) IS- 
H «. «. if & *b it ffl ^DRAM t 0 ^ ffn » ^T^-^^t^H^ 
€ ^ * ' jfe^m^^f^iKbottle-shaped trench 
capacitor) 4£ j& & # # & t 4& ffi # « |§ ^ sfc ^ - » 

a T ' ffl I1A-1I iita^^^tfiiltt : 
if & ' i t M * 1 A SI ' it^^^I^lOO 
>#(pad layer)110 ®.ffc ■ *g & >f 1 1 0 4fc & ^ - 4b & % ( * 
ffi7F)&-gL'fb^,#(;fcH7rO ° & & ' a«^^110B#j| 

1 2 0 > t£ IH ^120 i # - -L ^(upper r eg i on ) 1 3 0 - T 
(lower region)140 ° 

mik - ft n #- m $ i a si ' ^ t* m * 1 2 o #j * © ji > ^ 

# # & - £ - *L 4b # * 150( * & fL 4b & j& » **&*j28 
* ) - - *Ub#*160(*5t#*#jfc ' & # £. #J 8 0 & ) - - 

# a a a % 1 7 0 ( & $ft ft- * & & > &;f.&#]220ifc)JSlil-£^. 
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s. - mntnw (2) 

H 4b & % 1 80 C * >ft m ft, ' ^-^80 J£) - 

folk ' ft % 1 B Bl » M * — Tfe, IS. 4$ & 3P ^ EJ £fc 

^ ( Bp : photoresist recess etching process) » ^ ^ 
-&l¾^4&-£E.T*Fl4 0"#fS2||jfcl20t 0 

& ' ft $- m % i c m • a t& & &. &i$o % & > ah' 

* 44 _L £P 1 3 0 ¥j % |L 4b ^ * 1 8 0 ■ 4i & ' #I^^^t^ 
IE. M 1 9 0 » 

m Ql ' tf m % 1 D ffl • it 4r - *fe it & ft. 4b « # ( rap i d 
thermal nitridation > RTN) • 4£ -fit & _L £p 1 3 0 i& # a a a 
>*1704tft^J&#~$fL4b^J«192(&£.£.*j20#) - 

#UJL > «>HI1EH ' JKt*$*L4b#JBU92*4k *J * 
^ ' • 4fc *J * -fit T *P 1 4 0 £ — H 4b ^ # 1 8 0 - # ^ » a 
n J| a 4b # mi92 ^ £k UK JP- £ » £fe £| * tit 4£ & T *P140 m ft 

e a a ^ M 1 7 0 - 

£M£ ' If #- fel % 1 F H • ISftlL 4b #JBU92* 

-fit T £p 1 4 0 # IL 4b ^ >f 1 6 0 - & '4l > # 4k *J Bfc- 4£ ^ _L £p 
1 3 0 # tfc # a a a ^ >f 1 7 0 ° itb » 3*mi20t4I**«*-|L 
4b ^ £ 1 5 0 & 44 Ji £P 1 3 0 ' #j fL 4b ^ 1 6 0 » 

m & ' ft $- m %ig m ' atan4b^>ti6o^«jpj*^ 

' & $1 fifr 4iL T £p 1 4 0 #j ft 4b *p J% 1 5 0 » ffij & it! 44 T £P 
140iiKjlil>fl20^®° 

& & • "I* #- W £ 1 H H ' « « fL 4b # # 1 6 0 % 4k %\ jp. 

' 3N- « m 1 2 0 it # - S ^ M m. ( ^ iwe t bo 1 1 1 e 4k M M. 
m. ) ' # i^J '\± 4k PI t* IL 4b ^ >§ 1 6 0 4* ti # |# 1 2 0 T 
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i » & Wi}LW (3) 

#J 2L i£ & & ^ 1 0 0 > fl&*#j&aMa*LHfc6(r — S H194"« 

' i± £'J * 1^ 4it ^ Jl SM 3 0 # i£ IL 4b ^ ># 1 6 0 ^ i£ W 

>fb ^ ># 1 5 o > ,tb & & t - m m ft ' ft %\ \ m m 

ffijJt^T^i^ic^ 0 £ *b ' *^^/&|l-#l4b^;fl50(£- 
& *J 2 8 i£ ) - -IL4b^*160(&£.&#i28#) * - # B B a ^ 
* 1 7 0 ( * M- & #J 2 2 0 & ) a A - K - 'It 4b # A 1 8 0 ^ tk $ ft 

1 2 o 4t ® .h ' si fij p& * -j t ft m ^ ^ m 'J> 4b ° 

[ # W ft £. ] 

ft ° 

&&W$kfc-mm>n%k ft (bottle-shaped trench) ^ 

& # - ^ £ 4& . % t « ^ * £ 4& * * £b ffi is- & : 

- T *P : 

it -ft — ^ & 4b ( t h e r m a 1 o x i d a t i o n ) f! Pf* » Jiffi it itb 

W - * ia # * ^ « m ft ; 

£P EJ £k t£ & PJ. ' — #J*fc3kl&#;^'ffc-£.T*P 

^_ t* — |L 4b ^ £ _L ; 

w t tJ f * Pi ^ ^ || ' -£r 1$- 4£ >S- _b £P 4l t£ ~ ^ 4b 
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s. - %mt^m (4) 

M ' m ft & ~ m & ^ ~ & 4b & & Ifc fa & T W & &'ft M 

m & -L ; 

* & jn ^ & is. £ ; 

u & m & *~ — % it *r % & & & ' « m ft m. n - it 

#k H 4 b (rapid thermal nitridation, R T N ) » fa ft fa 

- & 4b & (si 3 u A ) m & fa & ± w *l •& m' ft' w & ±. ; 

■fr tfc *l 4fc ^ — *L 4b # Ji ; « A 

a ifc H 4b ^ m 4; -P- £ ' tfc * 3* it 4t - S. *J £. % fa 

$^IHTIt - £ 53 ° 

ifcb » 4* * a £ 2r * ' •f«fiS^S*'|$ ' P£ 4& $L 

i£ ^ * ° 15. # ' # a /3 -T.it ^^0.1 ^ m a T #J H ft U 

m. ' fln Jfe $J ^4 j& to $S * 4b 4l S #j ° 

to ft *H -h T : 

[ * ^fe ^ ^ ] 

tt # * 2 ~ 9 m ' # # IM n 4L ft, ^ m * ( bo 1 1 1 e 

-shaped trench) #£Lj&#J®7F$H ° 

1t & ' tf # as £ 2 IB ' & ^ <# fit - & * ^ 2 0 0 # Jf b b b 
^JaBKsingle crystal silicon wafer) _L ft fa M M 4b ¥j 
-^^(pad layer)210 • a i£ 1£ ># 2 1 0 & 5'J -?- ^ • 

#'Jffl ^r^.flo«*'«^4.A200 t^*-^3t2 20 ' *S & 

>#220^#-Jl^[5 230^-T^P240 - & t ' *S ># 2 1 0 -T W 
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3-*%tWi!LW (5) 

Al & S£^*/^^;fc4^4bt£,*202(*J^;tSiO 2 tf)l*. IL4bJ& 
tf204(Si 3 N 4 *)m*fe4Jte;j&" 

ft ' to «^RH|2 1 ' «■ * * *220 ife # - Hfc *, 4b 
(thermal ox i da t i on ) U ' m M *fc ^ j& — — ft 4b ^ & ( # 
?P : &JMb,*)25'0:ifr1*&jfc220*.#lfi«-fc. 0 * t ' tt — 
ft 4b ^ 2 5 0 #j JSL #) & 1 0 ~ 2 0 0 A ) - 

& ft ' ft m %z m ' fcm - & & ® ^) 
m >t 2 2 o ' & ft^^ig**«*i&*(;fcffl^)-' ft % m 

^7fe,I J J->f310^'flL^T^P240^Mii^220^^ — ft 4b ;f 
250 _L - jfcb ^- 5$ 34 4i Jj, — 5fc m- C£3 it # *J j& # (photores i st 
recess etching process) ° 

& ft ' It & % 4 ffl ' «t**H$*l&#310j&*.;fc > 4* 
31^l^4iL^Ji£p230jL4iS£^ft4b^,i250 > fl& /& - *J 4$ ' 
4l ft >fb ^ M 2 5 0 ' ^ ^^T^f 5 2 4 0 4i i£ 31 ^ 2 2 0 4l ^ 
-L'itariB'fit-S.Ji*P230^«^*2204LM«« 

& ft ' tfr $~ m 15 I ' 4*J a a 4* £1 /'£ « #J 4fc 
W. J% 3 1 0 ° 

& ft > tfr #. B3 # 6 m ' a tg m & 4i ft 4b ^ # 2 5 o ' & 

f. * ' *h i£ ^ *22 0 it ft - t& it & & 4b(rapid thermal 
nitridation, RTN)^^ ' ff> j& - IL 4b ^ ( S i 3 N 4 ) m 6 1 0 ^ 
4i £ _L 3p 2 3 0 4i t$ j&2 2 0 4i #J « _L ° * t ' tfc -fete il & *L 4b 
*J£ ^ 4i & a. 5. #) 4& 8 0 0 ~ 1 2 0 0 °C ' ffij«IHb#J&6104L;f. 
J$L to 1 5 ~ 3 0 Jfc ( A ) » it H. & ft m ft m #j ' & te4SL& Jl 
£P 2 3 0 4i i£ m 2 2 0 4i m £ * a a a # # ' «r«i^«t <fc 
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3--%rWnW (6) 

il & SL 4b & # #r ^ j& IL 4b ^ jft 6 1 0 4l J£ 4t * # J& 3? • @ 
itb # 1f it ^ # flfc A $J fa # >t (etching stop layer) ° 1 

. ft ' * #■ . B 3 |? 7 HI ' £•] *o ja. & 4* $| fifcr i* '$J # ^ 

-=-#L4b^4*250* ° 

$ ft. ' tf #- as # 8 SI ' «tt.*L4b^J«610*'t* £1 * £. • 
tfc m >t2 2 0 ifc 4f - j£.*k 3PJg^( # fwet bottle & £>J $L 
j& ) > fa & M & & & tL & T 0 

4l « m >*220 #J ^( : & iU #J HE ^ & ^ 2 0 0 ) • ffij ^ j& HI 4* 
#£ flfc #J - £ Fal 7 1 0 ° 

. & £ > tf #- Jfc # 9 ffl > 4fc $1 * Bfc « IL 4b ^ jft 6 1 0 ' -k° dfc 
£p % A 7 — #L 31 % $K bottle trench/bottle-shaped 
trench) 0 

^ ft ' ^Fi* il^rf ^^illf ^ilf ' 4fc # % * 

31 * & t ' «Sj#j&-'*L2!**Sl«&S3 • f ^tllfS 
§ t$ ' *J*o^r£#*B-*#l #6326261 ft ' * « * * 
# f. m # #t - itb * # f- i& ° 

- T # - $ & ' ^ j& - IL 4b # 4£ & T «P ^ m & E S « 
_L • & ^ , a #l 4b >f & Jp. $. ' i^m*5t#-'IL4bi&^ ' ffij 
ff> j& - IL 4b Jft ^ 4ft ^ _L £P ^ m #J £ -L • & ft. ' * Rfr |L 
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3. * %tmtiLW (7) 

ft % ° m £ ' a li ft Jl ^ II ' Jtfffcjftife^— #ft'l±-tt»J 

& 4" tfn ^ j& -fit T £P ^ - & M ° 

' itb > * tit *■ «■ a £ 3" * ' T W ffi ft f > M a ' ft fa U 

si /£ & ° H % ' ^ # B ^ * il ffl ^0. 1 /z ni a T ^ i * f 

ffc $ jjjsi. # e, ^ & 5t «fe #'J - & * it # ffi a 

PR. £ *■ % *ft ' ft & f ft ft $ * ' ^^'JK^^«-^^-## 
le, IS ft ' *"T^-^«^-itt&^J«^ ' S A * % W ^ 4£ H 




% i a ~ 1 1 m f i& ^ * m *l a *i ® ^ ^ a - 
3? 2 - 9 b #, * * a ^ & 60 m a #i © * m ° 

[ # «; tft m 1 

1 fr( ^ 1 A~ 1 I B) 

10 0-^^^;. 

110-^^; 

120- $ : 

1 3 0 ~ _t ^ ; 

1 4 o ~ t ^ ; 

1 5 0 - % - % 4b % ( & ^ 4b ,# ) ; 
1 6 0 ~ *L 4b 3? ># ; 

1 7 o ~ # & ^ >f ; 

1 9 o ~ & pj- >t ; 

1 9 2 ~ % & 4b ^ j& ; 

1 9 4 ~ £ ffi ° 

j IE £ ( j 2 - 9 m ) 

2 0 o ~ ^ & ; 

202- % 4b ^ ^ ( 4*J ^ ^Si0 2 >f ) ; 
2 0 4 - IL 4b ^ ># ; 
21 0~ ^ yf ; 

2 2 o - m m ' 

2 3 0 - _L £p ; 
2 4 0 - T ; 
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2 5 0 ~ — |L 4b & % ( jlft H 4b .4 ) 

310 - *<J & fc-SB. ,# ; 
6 1 0 - & 4b # & ; 

710- £ Pal - 
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if. SSL 
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eg 
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^ t& & ft 4b 4* -L ; 

a tg *J & & PJ. >§ f- i * ft" -fit _L *P ^ tg & ft 4b 

6 . 4o t If # M $a SI ^ 1 ^ #t it ^ #& m J* 6d ^ & >r 
' * t *S H -f'b % % 4fc it & & -fb ;£ #(rapid thermal 
nitridation procedure, RTN) ° 

- ^-t^'^it^lL^bm>^4L^a#.iS.>$.^800~1200 o C - 
■ *t«IL'fb«iL*A'B>15-30^(A) ° 

^ /& - @ fit 4b #J & 4J (pad layer)^f^&^_L ; A 
a i£ ^ ft %> > *Bfe-«P^«4l.^fl&^^,tS^*^ijE 
& ^ t ° 

* - ^-t^^^^^-ft-fb^^H-IL^b^^f^i^L^ - 
11. - ftS & ft(bott 1 e -shaped trench) # & -ft 

& > & & t n a? m ■ 

- t «p ; 
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ife # — #k ^ 4b (thermal oxidation) 31.;^ » J'i >^ 1th ^ 
— &<fb#(Si0 2 )*;5*ifc&jfc^flKI«JL ; 

# - & is. # s$ t* li * ; 

«p ^ EJ 4k tZ & IS- M ' — m&&&-&1fctiL&TW 
t£ — #l 4b ^ >t ; 

WI&fM & ' B£ 4fc ^ -L £P 4l f£ ^ #l 4b 

' tfn ^ jfc - m % Z- — ' IL 4b # >f ^ -fit ^ T £P 4l ft m * # 

5 g -L ; 

-iri&«*l4fcjfci&4M 

« i* iM #; ^ — % 4b ^ # Jb Jp. * ' «-«^3»5fefi--'bfeit. 

* I 4b (rapid thermal nitridation, R T N ) Pf> » ft % & 
- H 4b ^ ( S i 3 N 4 ) m ^ 4& £ _L «p 4l t* IS * ^ fcJ ft -t ; 

*l^®*J^4L^-|L4b^^;aiL 

« IS It 4b. ^ m %, 3f. $. • ftiililfr'tlfel'Jg^iTii 
^ jfc 44 T £P ^ - £ ffl 0 

» & t t* — ft 4b ^ £ # M- JSL # 1 0 ~ 2 0 0 ^ ( A ) o 

i3. *> t tt * *j j& s 9 1 1 * m i4 ^ ^ m m # % & * 

6 ' * t « il & It 4b m. % ^ ito % & % 8 0 0 ~ 1 2 0 0 °C • 

* > * t « H 4b # m ^ * A 4fc 1 5 ~ 3 0 & ( A ) • 

is. & ii^m&^m^ 
& > * t n m & z~ % & # m & & : 

^ j& — m ffc 4b #j ^ (pad layer)^t^^^Ji ; a A 
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